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1 Basics of liquid lithium MHD

There 3 magnetic Reynolds numbers which control lithium MHD in toka-
maks

dynamics: Ry = pgolLV,
electro-dynamics: R, = poohV,

, h?
dynamics: %, = po—V, (1.1)

} Bperp

Lithium flow
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1 Basics of liquid lithium MHD (cont.)

Characteristic flow parameters:

<m
V =20 m/sec =Py 1 [atm],
mm
B=1T —-— =4 |atm], (1.2)
210
mw
B=5T —-— =100 [atm].
2p0

Dynamic pressure losses are determined by &, and %,

<w mm
Ro: Ap— = poolV—=,
210
<m h2 B?
wnww : >b| = .QOQ.|<>|__u Ava
L 2o

SecC
oo =~ 4 *%% ,
Magnetic fields from the currents in the stream are determined by ®,

@WH . m:oi — m_:s = \Roq*&\mk. AH.NC
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1 Basics of liquid lithium MHD (cont.)

Lithium “water-falls” are incompatible at the basic level with the tokamak
strong toroidal field

h=01m, L ~02m, Ly~3m, V >2-5|m/sed,

Ro=4LV => 1.6,

R |%|M<|ghg<vzo8|o8m
2 — N.\w — N\m = U. . .

(1.5)

<m mm
p— < mﬂwwb tor
2 2o

fqrce
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1 Basics of liquid lithium MHD (cont.)

Momentum driven thin walls have a lot of unresolved problems in lithium

MHD
h=001m, L;~0.02m, Ly~3m, V ~20|m/sec|,
\wm 1.6
Ro=4—V ~13-107% (1.6)
Ly
7 \_umo
Plasma V2 B2
Ry =1.6, p— < Ry
\Y% v : 0 P 2 0 240
e Y A
sV ?
Centrifugal K
force R
N
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2 Flow pattern of magnetic propulsion

“Rotating” liquid lithium walls are incompatible with tokamaks.

e NO inlet/outlet

: thium "rotaring” walls e poloidal rotation damps
g dv By,
.M as m%& ~ %m 9
s Centrifugal force ] ] to. ]

3 [ - e toroidal rotation is impos-

2 o sible due to centrifugal

A\ M , Plasma ._"Oﬁom
Centrifugal force
2000
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2 Flow pattern of magnetic propulsion (cont.)

Magnetic propulsion makes MHD of intense lithium streams compatible
with tokamaks (at least at the basic level).

77

Lijets V

e Stream are robustly stable
due to centrifugal force

Force
. (V%) a
Li stream

P 7 9R

He atmosphere

B? h?
ﬁ.mxmw_@.imu = ﬁuxw_oﬁimﬁ > %m Mﬁoﬁ“ %m = .RoQ.|a\ ~ (0.0015
o R
e Driving electromagnetic
D\::EBEB between TF Coils U_\mmmr_ﬁm Nu.wxw_cﬁimw > L atm

_ w\ PijxBlintet — DjxBlouttet = 1.5 — 3 [atm]
5 ( Pressurized
3 02 e e Flow parameters
M stream ﬂ\ Li stream V ~ 20 S\mmﬁ“ h~0.01m

3 1Y e Magnetic Reynolds numbers

Ke) = —

| E olasima — R = uoohV ~ 0.8, Ry ~ 0.0015

<m:‘mm:3

Pwall Ty
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3 Theory of stabilization

Flow pattern of magnetic propulsion eliminates the possibility of mode
locking into the conducting wall (“Rotating” walls do nothing).

The theory includes an arbitrary geometry of the guide wall

. _VpxVI I I
HoJw = % = I,\|@®m -+ &|@®§
Juw = 1u(0)h(0)\/aa,  goo = (Tw)§ + (2u)f -

It links the electric current in the streams with parameters which can be
extracted from existing numerical codes

(3.1)

—

(D, — D,)¢(a) = —iMI. (3.2)

For arbitrary tokamak configuration, arbitrary cross-section and flow
pattern, it formulates the equation for electric current in the streams
and leads to a dispersion relation for the growth rate

(Dy — DU = pohoy(MS™!M)e) + iRy (MS™'VM) 4. (3.3)

(see, PPPL report at http://www.pppl.gov — Meetings — Lithium Wallls
2000)



3 Theory of stabilization (cont.)

Dispersion relation for the cylindrical case

@DM:QS = TresVUm + o] WUAS + 2k + C@wfbgs.fmw._.f Aw.b
where
2
ir(2k + 1)’
There is coupling with a nearest satelite modes and then, with each
second satelite mode.

Tres = \\SQ.D@“ Vok+1 = v, = 0. Awmv

Three harmonics approximation immediately shows the stabilizing effect

Al — Tresy
N m(m + 1)R%|v; | N m(m — )R v 0 (3.6)
@D?.I — Tres™ a1 — Tres? T

It also shows possibility for the mode, which is locked into one of streams.
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3 Theory of stabilization (cont.)

Stability gaps are insensitive to m-number. Finite 3 can be stabilized.

Re(YTres/M)

w

Yres/3
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4 Flow locked mode

Resistive wall mode is well affected by the flow.

Flow-locked mode determines limits of stabilization.

Ylres/M
1.5+ L
Wall-locked
mode R,,=3
Stream-locked mode
Rn=20
“_.‘ .......... [
Im(yt,es/3)/20
Im(yTres/3)/3
.5+ L
Stream-locked
mode Ry,=3 Re(YTres/3)
Stability gaps
[0}
2.4 m.m N.r QAQV 3
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Rm=3]  [Re(gm)

Im() |

IM(Ym)

_ Re(Wm)
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5 Compatibility with fusion reactor

Can use of lithium provide a new path for fusion ?

Integrated approach to fusion reactor
Plasma science part New plasma regime:
. . suppressed turbulence, h f
Solid Li second stability, New schemes for
resistive wall at the the tokamak
plasma boundary, ... reactor:
reduced activation,
smaller size and Btor,
reduced reliance on
TP shaping and
Technology ocno:::;_mm. high-tech plasma control
for Plasma Facing Comp.,
Liquid LI power extraction,
liquid (FLiBe) blankets, ...

Opportunity for studies of new plasma regimes and developing liquid
lithium technology in a separate (parallel) manner.
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6 Compatibility with fusion reactor

Intense lithium streams + FLIBe make an excellent FW/blanket
combination (S.Zinkle, B.Nelson, ORNL)

Lithium streams keep the

]
\w::_c_j jets between TF Coils <<m._ _ ._”m 3 —Um _\m.._uc —;m Um _ o<<
m\\ melting  point of  FLiBe
f FLiBe channel o 0 .
Towan == 200° — 2507 < M.w:&#ﬁhs.mm ~ 450

axis of symmetry

Independent of inner tempera-
ture in the chanell FLiBe has

a solid boundary layer at the
walls.

Streal

Li stream

® mﬁo_\

Plasma

Toroidal Field Coil

Even with | Terige|ouer = 800° C
energy losses on the side walls
are ~ 4%.

He atmosphere

How crazy if would be to think about making the vacuum chamber
from the wire mesh
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6 Compatibility with fusion reactor (cont.)

It also creates the best possible situation for plasma stability control:

e “passive” conducting shell at
the plasma boundary;

]
\ Feedback stabilization plates . .
y e \\/L | e protection of feedback stabi-
: $: 56 cnannel lization plates from 14 MeV
W /<, p\_u:wﬁs\m__ —\dmc.—uﬂo:m“
M _ s\ e accessiblility to feedback sta-
g ) Br 5007 C bilization plates;
e riasma — e No-conducting structures be-
. Lisream— tween feedback plates and
/e conducting shell;
/ ., . g .
S A e additional stabilization by the
lithium streams (for free);

At present, there is no credible schemes for MHD plasma control in
neutron environment in any of existing so-called “reactor” concepts.
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7/ Prospects for high beta

With fix boundary plasma & flatenned temperature profile this concept
would result in a new core MHD regime:

e N0 sawtooth oscillations;
e NO Troyon limit;

| e free access to the second stabil-
ITFTR circular cross-section/| __”v\ zone;

_w o\o.__jzm for _._f<<m__ :xmfa cocﬁma\ _o_mm?m

R/a=2.5/1B=5T

30

20 et B3 - limits for the second stability
........ regime

e fixed boundary plasma

z
FIRE, 2 eN=1,2,3 + ballooning modes
TER) o (DCON,PEST-2,BALLON)
BPX, 2 e current density with an edge
TPX, 2 pedestal
ARIES, S
........... Z L r?
| Ja Jil = Ja+ (Jo — Ja) Tlgmv
0 f f f f f in
0 2 4 .6 .8 1 “_..NhO
PPL 16

ceroneusis - Leonid E. Zakharov, ALPS/APEX Meeting SNL, November 15, 2000




